The Latin American Giant Observatory (LAGO) is an extended Cosmic Rays observatory composed by a network of Cherenkov Detectors (WCDs) spread over Latin America. This work will report the analysis of three years of data from three LAGO WCD located in Cerro Chacaltaya, Bolivia, at 5200 m a.s.l. Background cosmic ray rate from these detectors is checked for DAQ issues and inconsistencies, and corrected for atmospheric effects. An analysis for short transients up to the minute timescale is performed, in search for coincidence with transients observed by satellites. Sidereal and solar long term epoch data analysis are also presented.
Introduction
Due to the atmospheric absorption, it is very difficult to directly detect low energy cosmic rays or photons in 10 GeV −10 TeV energy range from ground level. Very large detection areas or very high altitude sites are currently used around the world to complement direct measurements made on board of satellites. Since 2006, the LAGO (Latin American Giant Observatory, formerly Large Aperture Gamma Ray Burst Observatory) project [1] has been developing and operating sites at high altitude montain in Latin America [2] .
Nowadays, the LAGO Project is an extended Astroparticle Observatory at a continental scale [3] , mainly oriented towards developing astroparticle physics at Latin America and doing basic research in three areas: search for the high energy component of GRBs at high altitude sites, Space Weather phenomena, and Background Radiation at ground level [4] . The LAGO detection network consists in particle detectors deployed at ground level, spanning over different sites located at significantly different latitudes (currently planned from Mexico down the Antarctic region) and different altitudes (from sea level up to more than 5000 meters over sea level), covering a large range of geomagnetic rigidity cut-offs and atmospheric absorption/reaction levels [5] . The current distribution and status of the LAGO detection network in the American continent is shown in figure 1 . This network of detectors is operated by the LAGO Collaboration, a non-centralized and distributed collaborative network of more than 80 scientist from institutions of nine Latin American countries (currently Argentina, Bolivia, Brazil, Colombia, Ecuador, Guatemala, Mexico, Peru and Venezuela) and Spain. Due to its proved reliability, high detection efficiency to all components present in atmospheric extensive showers, and low cost, water Cherenkov detectors (WCD) are currently used at LAGO sites [3] .
In this work we show a new analysis of the scalers rates (an implementation of the single particle technique [6] ) of the LAGO WCDs installed at Mount Chacaltaya (section 2). This analysis is conducted for the search of short transient events (∆t 1 minute) as we show in section 3). Finally, in section 4 we show our epoch analysis in solar and sidereal time for the search of periodic signals.
LAGO at Mount Chacaltaya
The WCD of the LAGO project in Bolivia are located at Mount Chacaltaya (16 • 21 00 S, 68 • 07 53 W), at 5270 m above sea level. In one of the main buildings of the Chacaltaya Astrophysical Observatory, three LAGO WCD (two of them with a detection area of 4 m 2 and the third of 2 m 2 ) register the flux of secondary particles as a function of time. Each WCD is buit by using a commercial water tank filled with purified water, and a single photomultiplier tube located in the center of the detector roof is submersed in the water volume. An internal coating made from Tyvek assure the diffusion of the Cherenkov radiation produced by the passage of ultra-relativistic charged particles trough the detector volume. This setup improve the detection efficiency by diminishing the dependence with the direction of propagation of the secondary particles inside the detector.
The spatial configuration of the array can be seen in the right panel of figure 1 . The instrumented area and the high altitude of this site provide enough sensitivity to detect the high energy component of Gamma Ray Bursts (GRBs) [2] .
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Background Analysis at LAGO Chacaltaya C. Sarmiento-Cano Two generations of the data acquisition system (DAQ) have been developed and used in the LAGO WCDs. The first acquisition system used [2] was based on an adaptation of the electronics of the first engineering-array phase of the Pierre Auger Observatory [7] . Since Jun 2012 a new LAGO specific electronic system was installed at the Chacaltaya site. Since then this new data acquisition system has been being installed at the different sites of the LAGO project [5] .
By using the first electronic system, in the period 2010-2012 the Chacaltaya station has collected data during ∼ 17000 hours of detection for WCD1 and WCD2, and ∼ 15700 hours for WCD3. Recent studies [8] , based on CORSIKA [9] simulations, show that the angular aperture of the Chacaltaya site can be extended up to a zenith angle of 25 o in the energy range of interest for GRB and other Gamma originated signals at Chacaltaya. Combining these result with the uptime of each WCD at Chacaltaya in this period, the total exposure of this site accumulated during the 2010-2012 period was 2.7 × 10 8 m 2 s sr.
Data provenance of Chacaltaya LAGO data
The first data acquisition board can control up to three independent WCD and six independent signal channels. Usually, the last dynode and the anode of the PMT of each WCD are measured. Four different signals thresholds are set for each channel, three of them are for fixed values above the baseline and correspond to different limits in the deposited energy (E d ) inside the detector by the registered secondary particles. The first one of these sub-channels records particles with E d 5 MeV, the second sub-channel counts particles that deposited between 5 MeV and 10 MeV
PoS(ICRC2015)414
Background Analysis at LAGO Chacaltaya C. Sarmiento-Cano within the water volume, while the third one is for signals with E d 50 MeV [10] . The fourth subchannel is intended to register the occurrence of undershoot pulses at the PMT, which are associated with signal saturation, high frequency noise due to lightnings at the site and other possible noise electronic sources. The trigger condition is that the signal amplitude should be above (or below for sub-channel 4) the corresponding threshold. The sampling frequency in the first LAGO DAQ is of 200 Hz, corresponding to time bins of 5 ms. The data is recorded in plain ascii compressed files containing one hour of data, with a single row per temporal bin with 25 columns: the first 24 columns account for the counting rates of each threshold for each channel, and an extra column is used to provide timing information from the GPS module on board the station. A sample of one of the 1-hour data files is shown in Figure 2 . A very simple check of the quality of the acquisition procedure is to verify that every GPS should contain 200 lines, and so every 1-hour file must contain 720,000 lines and 3,600 different GPS labels. Another way to verify that data is being collected correctly is to examine the background behaviour, which variations have known sources, such as the atmospheric conditions at the site and can be corrected. Large deviations from the expected background are carefully analyzed to check for possible signals or inconsistencies. A possible source of this deviations could be the electronics system overload due to multiply programmed parallel tasks on the station board. To check for these issues, we stacked the data from several 1-hour files and found that 5 minutes after the beginning of each hour a sudden decrease in the counting rates occurs. This happens during the transfer of the previous data file from the station to the computer that controls the DAQ system. As the data acquired during this short period of time can't be used, then are labelled as bad data and are not used to perform physics analysis.
These validations and data quality cuts were introduced over all of the data collected in the Chacaltaya station [11] and after that, the surviving data was stored in the LAGO data repositories of the collaboration [12] .
Background Analysis at LAGO Chacaltaya C. Sarmiento-Cano
Search for Short Transient Events
Considering the typical variations on the flux at the time scales of interest, we base the first steps of our analysis in the moving window average (MWA) method [13] . Using this method, we look for ≥ |3σ | instantaneous deviations in the central 5 ms bin on a moving average window of 2 minutes (24,000 time bins) of duration. If such a deviation is observed, the data is tagged as a pontential transient candidate.
After that, we also required that such deviation must be observed simultaneously in at least two operating detectors in the site, and must be present in at least the low and the intermediate deposited energy sub-channels. Finally, an additional criterium is imposed: during the observed excesses in sub-channels 1 and 2 of the triggered detectors, no significant excess must be observed in the noise counting sub-channel. All these criteria are required to discard, for example, signals produced during lightning discharges that could be misinterpreted as potential candidates during the standard σ − δ analysis [2] . If all those criteria are fulfilled, the data is labeled as candidate and is separated for a detailed analysis.
After applying this method and imposed the quality cuts described, over 2 terabytes of data collected in the period 2010-2012 at Chacaltaya, we found a potential candidate, started on Wed By integrating the signal shape, we determine a duration of 5.5 s (T 95 , i.e, the time needed to reach 95% of the integrated signal), with a rise time (T 50 − T 10 ) of 0.55 s and a fall time (T 90 − T 50 ) of 3.5 s. This signal was observed on both WCD1 and WCD2 simultaneously in the sub-channels 1 (E d ≤ 5 MeV) and 2 (5 ≤ E d ≤ 10 MeV) and a less significant excess on the sub-channel 3 of both detectors. After a careful examination of the signals shapes, calibration data and operation metadata of our detectors and the atmospheric database of this site, we discarded the possibility that this event was produced by detectors malfunctions, HF noises, electric lightnings or other phenomena of atmospheric origin.
After this blind analysis, we look for coincidences with events registered on both the SWIFT [14] and Fermi [15] satellites and also at the Gamma-ray Coordinates Network (GCN) database 1 . However, at this time the field of view of Fermi was outside of our acceptance cone in Chacaltaya.
Long Term Epoch Analysis
On the search for periodic signals we performed a series of analyses over large periods of time on the data collected at the Chacaltaya station. Data stacking or summation in two different time systems, solar and sidereal, were made over the data. The idea behind this process is based on the random, poissonian, nature of the majority of the radiation measured by our detectors. If any not random, periodic, signal were to exist, and if sufficient data were to be summed in a scale in which this signal happened at the same time every day or month or week. No matter how small this signal could be it will build an observable rise on the line that represent the summed data, as the random fluctuations will mutually cancel and the signal will grow [8] .
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Background Analysis at LAGO Chacaltaya C. Sarmiento-Cano (a) (b) This summation of data were made on two different systems: sidereal time, for signals coming from outside of our Solar System and in solar time, for signals modulated by Solar activity. A minute average signals were summed with the average of the corresponding minute of the next day, solar or sidereal. The sudden drop in the counting rate described in the previous section produced a huge peak at every summed hour when it is not corrected. In figure 4 the results of the summation of the data of April 2011 are shown for the three signal related sub-channels of WCD1. A WMA analysis was performed over the stacked data on both time systems, looking for excesses on the summed data that could be associated with the passage of known point sources by the sky at Chacaltaya. In this way, as the single particle technique lacks of directional reconstruction, we are exploiting atmospheric absorption as a source selection tool. Additionally, a method based on CORSIKA simulations was developed to account for the sensitivity of the LAGO detectors at high altitude sites for different gamma sources in the tens of GeV-TeV energy range [8, 16] . 
The results of the complete summation on the data collected in the Chacaltaya station in 2011 is show in figure 6 where both solar time and sidereal time are shown here, and have consistent results. In solar time it appears a rise on the counts that holds in the same stage of the solar day while in sidereal time the rise moves about two hour every month. These facts are clear indicators of the solar nature of this phenomenon. The amplitude and phase observed on the solar time variations are consistent with the well known daily modulation of solar origin in the flux of low energy cosmic rays.
(a) (b) This observations confirm that, by using an adapted analysis technique to the characteristics of our small detectors, it is possible to observe different type of signals of solar nature at different time scales from the ground level in the LAGO network of WCDs across Latin America.
